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SEMICONDUCTOR CIRCUIT DEVICE HAVING 
POWER AND GROUND LINES ADAPTED FOR 

HIGH-FREQUENCY OPERATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-209861, ?led Jul. 11, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the structure of 
interconnections in digital semiconductor circuits and more 
speci?cally to the structure of poWer and ground lines in 
semiconductor devices or semiconductor integrated circuit 
chips adapted for high-frequency operation. 

[0003] In digital semiconductor circuits, transistors act as 
on-off sWitches. Even if transistors are turned on, they 
cannot output any signal unless they are supplied With 
electrical energy. The transistors are connected to a poWer 
supply from Which electrical energy is supplied and ground 
to Which the supplied energy drains. If, When a sWitch, 
consisting of a transistor, is turned on quickly, its on 
resistance is loW, then a phenomenon Will occur in Which, in 
supplying electrical energy (charges) from the poWer supply 
to the transistor, the poWer line shoWs a de?ciency in charge 
supply capacity. 
[0004] Why the poWer line fails to supply electrical energy 
Will be described later in detail. Here, let us consider a poWer 
and ground line pair as a transmission line. If its character 
istic impedance is, say, 50 ohms and the on resistance of the 
transistor is, say, 15 ohms, the poWer line Will fail to supply 
electrical energy. Fortunately, in many cases, the character 
istic impedance of the signal line connected to the transistor 
is higher than 50 ohms and the problem of shortage of 
electrical energy can be avoided; otherWise, it is required to 
loWer the characteristic impedance of the poWer and ground 
line pair. 

[0005] Another problem is the behavior of inductance of 
lines that resist an abrupt increase in current. Even if the 
characteristic impedance of the poWer and ground line pair 
is made loWer than that of the signal line, When the transistor 
is turned on quickly, the parasitic inductance associated With 
the poWer and ground lines retards the supply of electrical 
energy through the poWer and ground lines. Therefore, it 
also becomes necessary to reduce the parasitic inductance 
associated With the poWer and ground lines. 

[0006] Still another problem is that a signal may not be 
output at a suf?cient level until the gate capacitance asso 
ciated With the gate electrode has been fully charged. In 
other Words, a problem arises in that the potential of an 
output signal does not reach a desired level in a short time. 
This is the delay associated With the operation of the 
transistor itself, causing the supply current to continue to 
How until the output signal potential reaches a predeter 
mined level. The load impedance at this time is different 
from the characteristic impedance of the signal transmission 
line and, simply stated, the current becomes in?nite. if the 
poWer and ground lines in a pair form a transmission line, 
re?ected noise appears on the transmission line during such 
an interval. 

J an. 24, 2002 

[0007] With conventional semiconductor circuit devices, 
the situation Where the charge supply capacity of the poWer 
and ground lines and the transistor characteristics result in 
failure to sWitch transistors smoothly becomes noticeable 
especially in digital circuits that operate in frequency bands 
of the order of GHZ. 

BRIEF SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide a semiconductor circuit device Which alloWs poWer 
ground pair lines to have a sufficient charge supply capacity 
Without being limited by the characteristics of transistor gate 
circuits. 

[0009] According to the present invention, there is pro 
vided a semiconductor circuit device comprising: a trans 
mission line composed of a poWer line and a ground line 
Which have substantially the same thickness and are formed 
one above the other, the poWer line and the ground line are 
electrically separated each other; and an electronic circuit 
coupled With the transmission line to receive a supply 
voltage through the transmission line. 

[0010] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0011] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the embodiments given beloW, serve to eXplain the 
principles of the invention. 

[0012] FIGS. 1A, 1B and 1C shoW circuit models for use 
in explaining the principles of the invention; 

[0013] FIG. 2 shoWs a model of a pipeline using a tank, 
a valve and pipes for use in explaining the changes in the 
charge density in the circuit model of FIG. 1A; 

[0014] FIGS. 3A and 3B are conceptual diagrams of the 
model of FIG. 2; 

[0015] FIG. 4 is a conceptual diagram of a semiconductor 
circuit device of the invention based on a model of a pipeline 
using a tank, pipes and a valve; 

[0016] FIG. 5 shoWs an electronic circuit corresponding 
to the pipeline of FIG. 4; 

[0017] FIG. 6 shoWs a circuit diagram in the case Where 
tWo signal lines are used in the circuit of FIG. 5; 

[0018] FIG. 7 shoWs a circuit arrangement used to simu 
late voltage and current at the bypass-capacitor connected 
point and other points in the circuit of FIG. 6; 

[0019] FIGS. 8A to 8D are Waveform diagrams illustrat 
ing the results of simulation using the circuit of FIG. 7; 

[0020] FIG. 9 is a circuit diagram in Which the bypass 
capacitor connected point of FIG. 6 is changed; 
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[0021] FIG. 10 shows an exemplary circuit in Which a 
resistor is inserted into a power supply section consisting of 
paired poWer and ground lines in a transistor gate circuit; 

[0022] FIG. 11 is a plan vieW of a semiconductor circuit 
device including an LSI chip and its associated package in 
accordance With a ?rst embodiment of the invention; 

[0023] FIG. 12 is a plan vieW illustrating the arrangement 
of receivers and drivers in the LSI chip in accordance With 
a second embodiment of the invention; 

[0024] FIG. 13 is a sectional vieW taken along line 13-13 
of FIG. 12; 

[0025] FIG. 14 is a perspective vieW of a bypass capacitor 
used in the semiconductor circuit device of FIG. 11; 

[0026] FIG. 15 is a diagram illustrating charge ?oW in one 
conductive layer of the capacitor of FIG. 14; 

[0027] FIG. 16 is a diagram illustrating charge ?oW in 
paired poWer and ground layers in the capacitor of FIG. 14; 

[0028] FIG. 17 is a sectional vieW illustrating another 
arrangement of the bypass capacitor used in the semicon 
ductor circuit device of FIG. 11; 

[0029] FIG. 18 is a plan vieW of a semiconductor circuit 
device including an LSI chip and its associated package in 
accordance With a third embodiment of the invention; 

[0030] FIG. 19 is a perspective vieW of a bypass capacitor 
used in the semiconductor circuit device of FIG. 18; 

[0031] FIG. 20 is a circuit diagram illustrating the con 
nection betWeen the bypass capacitor of FIG. 19 and the 
paired poWer and ground layers; 

[0032] FIG. 21 is a diagram illustrating the charge ?oW in 
one conductive layer of the capacitor of FIG. 19; 

[0033] FIG. 22 is a diagram illustrating the charge ?oW in 
paired poWer and ground layers in the capacitor of FIG. 19; 

[0034] FIG. 23 shoWs an equivalent circuit of the circuit 
of FIG. 20; 

[0035] FIG. 24 is a diagram illustrating the manner in 
Which the supply voltage is transmitted through the circuit of 
FIG. 23; and 

[0036] FIG. 25 is a plan vieW of a semiconductor circuit 
device including an LSI chip and its associated package in 
accordance With a fourth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Before describing the embodiments of the present 
invention, the principles of the present invention Will be 
described ?rst. 

[0038] FIG. 1A shoWs a circuit model in Which the current 
path of a transistor gate circuit has its one end connected to 
a poWer supply and its other end connected to a terminal 
resistor RL through a signal transmission line 10. The 
transistor gate circuit consists of a single MOS transistor Ql. 
When the transistor Ql is turned on With an ideal input 
signal, an on current Io ?oWs in it, Which is given by 
Io=Vdd/Ron Where Vdd is the supply voltage and Ron is the 
on resistance of the transistor Q1. When the poWer supply 
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can supply charges corresponding to that current in a 
moment, such an on current as represented by the above 
expression ?oWs. 

[0039] With no delay involved in turning on the transistor 
Q1, the moment the transistor is turned on, the current 
confronts the signal transmission line 10 With a resistance 
corresponding to its characteristic impedance Zo. The 
equivalent circuit at this point is illustrated in FIG. 1B. At 
this point, the current IT=Vdd/(Ron+Zo) ?oWs in the signal 
transmission line 10. Usually, I0 is ignored. It is important 
Whether the poWer supply can supply charges ?oWing in IT. 
The current is de?ned as the amount of electric charge 
transferred. The amount of charge is given by Q=I><t (t is 
time). Although it is difficult to de?ne the spatial charge 
density, the spatial charge density at each point is de?ned as 
the voltage at that point. That Vdd is not ensured at each 
point can be understood. Assuming that the poWer supply is 
an ideal one and this continues throughout the propagation 
delay time tpd of the signal transmission line 10, the total 
amount of charge, QT, injected into the signal transmission 
line 10 is given by QT=IT><tpd. 

[0040] Subsequent to encountering the resistance of the 
signal transmission line, the current IT Will feel a neW load 
RL. The transmission line 10, Which has already been 
charged fully, no longer acts as the load, in Which case the 
equivalent circuit becomes as shoWn in FIG. 1C. That is, at 
this point the current IL=Vdd/(Ron+RL) ?oWs in the trans 
mission line 10. Since the moment the current IT ?oWed in 
the transmission line 10 arrives at the load RL, it becomes 
IL, if IT>IL, then the charge is re?ected, as it is, back into 
the transmission line 10. 

[0041] Conversely, if IT<IL, then negative re?ection 
occurs. After 2 tpd, the poWer supply is affected by the 
negative re?ection. HoWever, since the present invention 
aims at solving various problems in the initial condition, the 
problem of negative re?ection is not discussed herein. 
HoWever, solving the ?rst problem results in solving prob 
lems of secondary importance, increasing the design margin 
for circuit forms. 

[0042] These state changes occur at the velocity of light. 
The sWitching speed of transistors is too late relative to the 
velocity of light over the length of the transmission line. 
Heretofore, it Was therefore necessary to have an under 
standing of the problem of time displacement as discussed in 
conjunction With FIGS. 1A-1C. 

[0043] NeXt, the changed states of charge density in the 
circuit model shoWn in FIG. 1A Will be described in terms 
of a pipeline model using a tank, a valve, and pipes. 

[0044] Suppose that a large tank 11 ?lled With Water 
(charge) is coupled through a pipe 12 With a valve 13 and the 
loWer portion of the valve 13 is coupled through an empty 
pipe 14 With a thin load pipe 15. This con?guration is 
considered to be the circuit shoWn in FIG. 1A; the tank 11 
corresponds to the poWer supply, the pipe 12 to the poWer 
line, the valve 13 to the transistor gate, the pipe 14 to the 
signal line, and the load pipe 15 to the load. 

[0045] In the ?gure, dotted portions indicate that there is 
Water (charge). It is supposed here that the valve 13 (tran 
sistor) is ?lled With Water up to its top. 
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[0046] Assuming noW that the power line and the signal 
line are of the same thickness, i.e., they have the same 
characteristic impedance, such a conception as shoWn in 
FIGS. 3A and 3B results. 

[0047] The moment the valve 13 is opened, the Water 
(charge) in the pipe 12 ?lled up to the top of the valve falls 
beloW. Even With gravity ignored, the Water ?oWs into the 
space of Water pressure 0. For this reason, the Water pressure 
(voltage) in the pipe 12 above the valve 13 is loWered 
inevitably. The effect of the loWered Water pressure (the 
effect of the opening of the valve) travels to the tank 11 at 
the velocity With Which pressure propagates; hoWever, it 
takes some time for the effect to arrive at the tank because 
the pipe 12 is long. The velocity at Which pressure propa 
gates is equal to the velocity of sound (the velocity of light 
for electrical signals). In this connection, for Water, the 
velocity is about 1000 m/s. To compensate for the increased 
volume of the pipe resulting from Water How in the valve 
portion, the Water in that portion must cause cubical eXpan 
sion. That is, the increased volume of the pipe results in 
loWering the Water pressure. The pipes 12 and 14 above and 
beloW the valve 13 are of the same thickness, Which alloWs 
the pipe volume to be increased by a factor of tWo. As With 
solids, Water eXpands little. Therefore, only half of the cross 
section of the pipe becomes ?lled With Water as shoWn in 
FIG. 3B. 

[0048] The electronic circuit of FIG. 1A can also be 
considered exactly the same. Since any of the electron 
densities can be changed, the electronic circuit can be 
conceptualiZed as illustrated in FIG. 3A. Naturally, elec 
trons travel at the velocity of light. When the electron 
density is reduced by half, the voltage is also loWered to half 
of the supply voltage, i.e., Vdd. The on current IT is 
eXpected to be IT=Vdd/(Ron+Zo); hoWever, the on current 
is only IT=(1/z) Vdd/(Ron+Zo) during the interval t=0 to 
t=2 tpd. 

[0049] Here, the poWer line is assumed to have the same 
thickness and the same characteristic impedance as the 
signal line. Let the propagation delay time tpd associated 
With the signal line be 1 ns. Then, a l-GHZ clock signal (the 
duty factor is 50% and the on period is 0.5 ns) Will be 
delayed on the signal line by one cycle period. 

[0050] As can be seen from the description thus far, 
increasing the thickness of the pipe corresponding to the 
poWer line, i.e., loWering the characteristic impedance of the 
poWer line, alloWs the on current to be prevented from being 
reduced. This is the principle of the present invention. 

[0051] In FIG. 4, the semiconductor circuit device of the 
present invention is expressed conceptually in terms of a 
model using a tank, pipes and a valve as in FIG. 3A. In FIG. 
4, unlike FIG. 3A, the pipe 12 on the side of the tank 11 is 
made thicker than the pipe 14 on the load side. An electronic 
circuit corresponding to such a pipeline becomes as depicted 
in FIG. 5, in Which case a poWer supply 21, a poWer line 22, 
a sWitching MOS transistor Q1, a signal line 24 and a load 
RL correspond to the tank 11, the pipe 12, the valve 13, the 
pipe 14 and the load pipe 15, respectively, in FIG. 4. In the 
circuit of FIG. 5, the poWer line 22 consists of a pair of 
poWer and ground conductors and the signal line 24 consists 
of a pair of signal and ground conductors. It is assumed that, 
for the poWer-ground pair line, the characteristic impedance 
is Z0 ps and the propagation delay is tpdps and, for the 
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signal-ground pair line, the characteristic impedance is Z0 
and the propagation delay is tpd. 

[0052] In the model of FIG. 4, a change in the pipe 
volume caused by the pipe 14 is small. Correspondingly, in 
the electronic circuit of FIG. 5, a voltage drop in the poWer 
line 22 is made small. Assuming the characteristic imped 
ance of the poWer line 22 to be 10 ohms and that of the signal 
line 24 to be 50 ohms, a voltage drop When the on resistance 
of the transistor Q1 is 10 ohms is {(50+10)/(10+10+ 
50)}Vddz0857 Vdd. 
[0053] This Will be described neXt. Since current ?oWs in 
the poWer-ground pair line 22 connected to the poWer supply 
21 and having the characteristic impedance Z0 ps, a voltage 
drop of Vdd><(Ron+Z0)/(Ron+Z0+Z0 ps) occurs in the sig 
nal-ground pair line 24 during the propagation delay time 
tpdps resulting from the length of the line 22. Here, times are 
de?ned more accurately. Assuming the voltage drop occurs 
at time t, When tpditpdps, 0<t<tpdps. When tpdétpds, 0 
<t<tpd. When tpd<t<tpdps, a voltage drop of Vdd><(Ron+ 
RL)/(Ron+RL+Z0 ps) is produced. 

[0054] The voltage at the poWer-ground pair line 22 may 
falls. In this case, the poWer supply 21 needs some time to 
compensate for the voltage drop, and the voltage at the pair 
line 22 Will change thereafter. HoW the voltage change is not 
described here, because the present invention is concerned 
With the initial operating state of the poWer-ground pair line 
22. 

[0055] Assuming noW that the characteristic impedance of 
the poWer-ground pair line 22 is substantially equal to that 
of the signal-ground pair line 24 and the on resistance of the 
transistor O1 is negligibly small in comparison With the 
characteristic impedance, a magnitude of Vdd is applied 
to the load RL. If the load RL is a CMOS gate and its input 
capacitance is of the order of tens of femtofarads (fF), the 
transmission line can be considered to be substantially 
open-circuited, so that total re?ection of signal energy 
occurs. Thus, the voltage to Which the CMOS gate is 
subjected becomes (1/z)><2Vdd=Vdd. Under this condition, 
the signal is propagated normally to the gate only With the 
propagation delay associated With the signal line. Therefore, 
the Worst condition under Which a signal is propagated 
normally to the load is that the characteristic impedance of 
the poWer-ground pair line 22 is substantially equal to and 
preferably less than that of the signal-ground pair line 24. 

[0056] When charges are propagated to a number of signal 
lines through a single poWer-ground pair line, its character 
istic impedance is set to be equal to or less than the 
characteristic impedance of each signal line divided by the 
number of signal lines, i.e., Z0 pséZO/N Where Z0 ps is the 
characteristic impedance of the poWer-ground pair line, Z0 
is the characteristic impedance of the signal lines, and N is 
the number of signal lines. An eXemplary circuit in Which 
N=2 is illustrated in FIG. 6. 

[0057] In the circuit of FIG. 6, to the poWer-ground pair 
line 22 are connected the current paths of tWo MOS tran 
sistors Q1 and Q2, Which act as drivers and are turned on and 
off by input signals. The other ends of the current paths of 
the transistors Q1 and Q2 are connected to signal-ground 
pair lines 24-1 and 24-2, Which are terminated by resistors 
RL1 and RL2, respectively. MOS transistors Q11 and Q12 
are receiving transistors. 
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[0058] Assuming the characteristic impedance of each of 
the signal-ground pair lines 24-1 and 24-2 to be Z0, the 
Worst condition under Which the signal voltage is propagated 
normally to the load is Z0 ps§(1/N)Z0. 

[0059] Unless the poWer-ground pair line 22 is a trans 
mission line that is continuously uniform in the vicinity of 
the transistor gate or gates, i.e., the transistor Q1 in FIG. 5 
or the transistors Q1 and Q2 in FIG. 6, the supply of charges 
cannot be performed quickly and the effects as described 
previously cannot be obtained satis?ably. 

[0060] Suppose that the poWer-ground pair line 22 is 
discontinuous. This corresponds to the situation Where, in 
FIG. 2, that portion of the pipe 12 Which is coupled With the 
valve 13 is thinned. A structure that avoids such a situation 
as much as possible should be taken, Which Will be described 
beloW. 

[0061] As described previously, the time of the voltage 
drop given by Vdd><(Ron+Z0)/(Ron+Z0+Zops) is de?ned to 
be 0<t<tpdps. In general, the poWer supply is located at a 
distance from the transistor gate. When tpdétpdps, the 
duration of the voltage drop becomes long. In order to alloW 
the poWer-ground pair line 22 to be terminated not only by 
a CMOS arrangement but also by a large-capacitance gate 
circuit that may be con?gured variously, a bypass capacitor 
26 is simply connected, as shoWn in FIG. 6, betWeen ground 
and those ends of the transistors Q1 and Q2 Which are 
connected together to the poWer-ground pair line. 

[0062] When connected in this manner, the capacitor 26 is 
placed in the charged state at all times. At the time of closing 
the gate circuit, the capacitor acts as a poWer supply that 
provides electric charge. The capacitance of the bypass 
capacitor 26 is determined in the folloWing manner. 

[0063] In FIG. 6, When the transistors Q1 and Q2 are 
turned on, an on current of IT=Vdd/(Ron+Z0) ?oWs in each 
of the signal-ground pair lines 24-1 and 24-2. Since tWo 
circuits are connected to the poWer-ground pair line 22 in the 
eXample of FIG. 6, the total on current is tWice as much as 
IT. During the period of tpd, the current ?oWs and the 
voltage rises, causing the receivers, i.e., the transistors Q11 
and Q12, to be turned on. The amount of electric charge at 
this point is represented by 

[0064] For example, let Ron=10§2, Vdd=0.5 V, Z0=28Q 
and tpd=1 ns. Then QT=26 pC. That is, the capacitance of 
the bypass capacitor is 52 pF under the conditions that the 
supply voltage is 0.5 V. To alloW for su?icient margin, the 
capacitor 26 is alloWed to have capacitances several times to 
several tens of times (up to 100 times) larger than that value. 
For eXample, With 5 to 20 times, the capacitance lies in the 
range of 260 to 1040 pF. The bypass capacitor 26 having its 
capacitance thus set is located as close to the transistor gate 
circuit as possible. 

[0065] Here, the connection points of the bypass capacitor 
26 and the results of simulation of voltage and current at 
circuit points Will be described. 

[0066] FIG. 7 shoWs a circuit arrangement used for simu 
lation. ApoWer supply is a 3.3 V supply. The counterpart of 
the above poWer-ground line pair 22 is a poWer-ground pair 
line 32, Which has some capacitance and some inductance. 
The capacitance component is indicated at 33 and the 
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inductance component is indicated at 34. The propagation 
delay time in the poWer-ground line pair 32 is assumed to be 
0.5 ns. This arrangement causes line re?ections and, to 
prevent re?ections, the line 32 is terminated by a resistor 35 
of, say, 15 ohms. 

[0067] The counterpart of the bypass capacitor 26 is a 
capacitor 36. An inductance, Whose value varies according 
to the connection point of the capacitor 36, is indicated at 37. 
In this case, since only one poWer-ground line pair is 
provided, the capacitance of the capacitor 36 is set to 0.01 
MP. The value of the inductance 37 is set to 5 nH When the 
bypass capacitor 26 is located at a distance of 5 mm from the 
transistor gate circuit poWered from the poWer-ground pair 
line 32 and to 0.05 nH for a distance of 0.5 mm. 

[0068] The transistor gate circuit supposes a CMOS driver 
circuit consisting of tWo types of sWitches: one adapted to 
supply the supply voltage to the signal-ground pair line and 
one adapted to connect the pair line to ground. The CMOS 
driver circuit is constructed from four sWitches S1 to S4. The 
common node of the sWitches S2 and S3 is connected to the 
signal line in the signal-ground pair line 38. The signal 
ground pair line 38 is terminated by a receiver 39 indicated 
by an equivalent resistor of, say, 50 ohms. 

[0069] A sWitch 40 connected betWeen the termination 
resistor 35 of the poWer-ground pair line 35 is used for 
initialiZation at the time of simulation and is not needed in 
a practical circuit. 

[0070] Measurements of variations in the supply current, 
variations in the output voltage of the transistor gate circuit 
and variations in the input voltage to the receiver When a 
pulse-like input signal is applied to the transistor gate circuit 
shoWed the results as shoWn in FIGS. 8A to 8D. FIGS. 8A 
and 8B shoW variations in supply current at point P1 in FIG. 
7 and variations in voltage at points P2 and P3, respectively, 
When the bypass capacitor 26 is located relatively far from 
the transistor gate circuit and hence the inductance 37 is set 
to 5 nH. Also, FIGS. 8C and 8D shoW variations in supply 
current at point P1 in FIG. 7 and variations in voltage at 
points P2 and P3, respectively, When the bypass capacitor 26 
is located close to the transistor gate circuit and hence the 
inductance 37 is 0.5 nH. 

[0071] As is evident from FIGS. 8A and 8C, When the 
inductance value is 5 nH, the supply current after the 
sWitches S1 and S2 have been turned on ?uctuates more 
greatly than With 0.5 nH. A high current of —220 mA before 
the sWitches are turned on results from sWitching of the 
initialiZation sWitch 40 at the time of simulation and is 
independent of inherent characteristics. Evidently, a prob 
lem arises When the connection point of the bypass capacitor 
26 is as far as 5 mm aWay from the transistor gate circuit. 

[0072] On the other hand, both the output voltage of the 
transistor gate circuit and the input voltage to the receiver 
?uctuate more greatly in the case of 5 nH and Will not 
converge. In this case, the voltage at point P2 in FIG. 7 rises 
in as little as 1 ns and its equivalent frequency corresponds 
to 300 MHZ. In the case of a rise time of 100 ps Which is one 
order of magnitude smaller than 1 ns, the equivalent fre 
quency is 3 GHZ. The inductance value is 0.5 nH for the case 
of FIGS. 8A and 8B and 0.05 nH for the case of FIGS. 8C 
and 8D. These inductance values correspond to distances of 
0.5 and 0.05 mm. This means that, as the operating fre 
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quency of the transistor gate circuit increases, it becomes 
necessary to locate the bypass capacitor closer to the tran 
sistor gate circuit. It is desirable to make the leakage 
inductance XpH in the bypass capacitor 26 and its associated 
Wiring smaller than 1/A (GHZ)><100 ps (A is the equivalent 
frequency). This expression, While being mismatched in 
unit, Was obtained empirically from digital circuits that 
operate in frequency bands of the order of GHZ. 

[0073] HoWever, transistors and capacitors have physical 
siZes and suffer from limitations on their doWnsiZing. As 
shoWn in FIG. 9, therefore, the bypass capacitor 26 has 
often to be located midWay betWeen both ends of the 
poWer-ground pair line 22. In this case, the bypass capacitor 
Will be charged for tpd+tpdpsl (tpdpsl is the propagation 
delay time in one of tWo sections of the line 22), requiring 
a corresponding increase in its capacitance. In the above 
example, When tpdpsl=0.1 ns, the capacitance of the bypass 
capacitor 26 is in the range of 156 to 572 pF. 

[0074] Even With various conditions in mind, capacitances 
of 500 pF to 5 nF are adequate for the bypass capacitor 26; 
thus, a loW-inductance structure can be taken. The speci?c 
structure of the bypass capacitor 26 Will be described later. 

[0075] The poWer-ground pair line 22 has a ?xed charac 
teristic impedance at any point on the line. Suppose here that 
the transistor connected to the poWer-ground pair line 22 is 
turned on and current begins to How through its on resis 
tance. If the capacitive component of the transistor Were 
Zero, then charges Would ?oW instantly from the pair line 22 
to the signal transmission line and be limited by its charac 
teristic impedance. As discussed in conjunction With FIG. 
1B, charges, i.e., a current, ?oW at IT=Vdd/(Ron+Z0). 
[0076] If, hoWever, the transistor has a gate capacitance 
CG, the current encounters that capacitance before it senses 
the on resistance. At that moment, the resistance becomes 
Zero, so that a spike current ?oWs and the voltage becomes 
Zero. Then, the current meets the on resistance With the 
result that the voltage begins to rise. The voltage rising 
characteristic is represented by v=Vdd exp(—t/RonCG). The 
current then reaches the steady state in Which IT=Vdd/ 
(Ron+Z0). VieWed from the poWer-ground pair line 22, the 
situation is such that a transmission line having a delay time 
corresponding to a time constant determined by the on 
resistance and the gate capacitance is placed short of the 
signal transmission line. As a result, negative re?ections 
occur, producing noise in the poWer-ground pair line. 

[0077] To prevent this, a resistor 51 is simply connected 
betWeen the transistor gate circuit 50 and the poWerground 
pair line 22 as shoWn in FIG. 10. The value Rps of the 
resistor 51 is set to satisfy Z0=Ron+Rps. 

[0078] As a consequence, the time-constant-based delay 
time tt associated With the transistor is given by tt=(Ron+ 
Rps) CG. In comparison With the absence of Rps, an 
additional delay of At=Rps CG occurs. This is not a serious 
problem in the signal bus circuit. Considering the future 
trend in transistor structures, such as SOI (Silicon On 
Insulator), Which alloW the gate capacitance CG to be 
reduced, it is expected that the additional delay offers no 
serious problem. 

[0079] Next, a ?rst embodiment of the present invention 
Will be described in terms of a semiconductor circuit device 
including an LSI (Large Scale Integrated circuit) chip and its 
associated package. 
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[0080] As shoWn in FIG. 11, three types of pads 62a, 62b 
and 62c are arranged on the periphery of an LSI chip 61. The 
pads 62a are poWer supply pads, the pads 62b are ground 
pads, and the pads 62c are signal pads. Around the chip 61 
are provided ground lines 63 each of Which consists of a 
conductive layer that is formed Wide in the vicinity of the 
chip and branches off in the place at some distance from the 
chip. The ground lines are each shoWn dotted. Over the 
ground lines 63 are formed signal lines 64 and poWer lines 
65 With interlayer insulating ?lms interposed therebetWeen. 
The signal lines 64 and the poWer lines 65 extend radially 
together With the underlying ground lines. The signal lines 
64 and the poWer lines 65 are each extended from the place 
Where the ground lines branch off together With the under 
lying ground line as a stacked pair line. 

[0081] In the example of FIG. 11, three signal-ground pair 
lines 66 and one poWer-ground pair line 67 form one set, and 
a plurality of sets are placed along With the chip 61 on a 
package 68 as a Wiring board. 

[0082] By making the Width of the poWer-ground pair line 
67 in each set three times or more larger than the Width of 
the signal-ground pair line 66 the previously described 
condition that Z0 ps§(1/N)Z0 can be satis?ed. When the 
thickness of the interlayer insulating ?lm in the poWer 
ground pair line 67 is smaller than that in the signal-ground 
pair line 68, the Width of the poWer-ground pair line may be 
less than or equal to that of the signal-ground pair line. In 
short, such transmission lines as satisfy the condition that Z0 
ps§(1/N)Z0 are formed up to the vicinity of the chip. 

[0083] As can be readily guessed from FIG. 11, a ?ip chip 
or TAB bonding chip can be adapted to the LS1 chip 61. The 
fundamental conditions are to place transmission lines that 
satisfy the condition of Z0 psé (1/N)Z0 so that their ends are 
as close to bumps as possible. The bumps are provided in 
place of pads on a chip. 

[0084] The plan con?guration of the poWer-ground pair 
line 67 is such that it branches off into tWo in the place Where 
the previously described bypass capacitor 26 is attached and 
then forms into one again. The Width of each of the tWo 
branches is set to substantially half the Width of the non 
branched portion. This alloWs the poWer-ground pair line 67 
to maintain the continuity of its characteristic impedance. 

[0085] The bypass capacitor 26 has ?ip-chip type elec 
trodes as shoWn. The electrode pads and the ground pads are 
extended from substantially the same place for connection to 
the poWer-ground pair line 67. The pads are formed on the 
side of transistor gates Within the LS1 chip. This alloWs the 
pad pullout vector to be the same vector as the poWer-ground 
pair line 67 Which goes toWard the transistor gates. 

[0086] Signals input from the signal pads 62c of the LS1 
chip 61 are generally applied to receivers. Signals are output 
from drivers each paired With a respective one of the 
receivers through the signal pads to the outside of the chip. 
The receiver and the driver in each pair are connected 
together to one of the poWer-ground pair lines. 

[0087] FIG. 12 is a plan vieW illustrating the con?guration 
of the periphery of the receivers and drivers Within the LS1 
chip 61. In FIG. 12, like reference numerals are used to 
denote corresponding parts to those in FIG. 11. In FIG. 12, 
the receivers are indicated at 71 and the drivers are indicated 
at 72. The receivers 71 and the drivers 72 are represented by 










